This report details the case of identical twins, both of whom had an aneurysm in the same anatomic location. Such aneurysms should be considered as a discrete subset of familial aneurysms. The implications for patient management are discussed.
Introduction
The optimal screening and management proto cols for familial aneurysms, and the natural history of incidental aneurysms in familial and non-familial cases are areas in which our knowledge is currently in evolution and as such are the source of much controversy 1.6. The finding of an intracranial aneurysm in a patient who has an identical twin represents a rare and unique subtype of aneurysm. There is very little in the literature to guide management, since only nine such cases have been reported to date 7-15. Herein we report a tenth case, and discuss the management as well as issues related to screening and aneurysm formation.
Case Report
Ms. H.L. (hereafter referred to as Twin A) is a 41-year-old right-handed female who was referred to us from another institution for treat-ment of a ruptured intracranial aneurysm. Her medical history was remarkable only for migraines and a benign ovarian cyst. She had smoked approximately one-half pack of cigarettes per day for many years. She was taking no regular medications, and had no known drug allergies. Her family history was negative for aneurysms. She suffered a sudden severe headache associated with nausea and vomiting, but did not seek medical attention until several days later. She was transferred to us four days after her ictus.
On examination at that time, she was in obvious discomfort and had meningismus (Hunt & Hess grade II). Her blood pressure was 115170. She was alert and fully oriented, with no focal neurological findings. Her eT scan revealed diffuse subarachnoid hemorrhage (SAH) throughout the basal cisterns but particularly in the interpeduncular cistern, with a small amount of blood in the fourth ventricle and mild hydrocephalus (figure 1). Four-vessel cerebral angiography demonstrated an aneurysm of the basilar termination, based towards the right side on an asymmetric caudal fusion.
The aneurysm measured 7 mm in maximal diameter, with a 4 mm neck. Incidental note was made of a broad-based 1mm ectasia at the distal aspect of the left superior cerebellar artery, and a proximal basilar fenestration without an associated aneurysm (figure 2). She underwent immediate endovascular treatment of the ruptured basilar aneurysm using Guglielmi detachable coils (GDC) (Target Therapeutics, Fremont, California). A 6 Fr guiding catheter was placed in the dominant left vertebral artery and a biplane run and rotational angiography with 3-dimensional reconstruction were performed. A working angle of 36 degrees craniocaudal angulation was chosen, which allowed both P1 arteries to be delineated from the neck of the aneurysm. Full systemic heparinization was initiated and maintained throughout the procedure. An Excel 14 two tip micro catheter and Transend soft tip wire (Target Therapeutics, Fremont, California) were used to selectively catheterize the aneurysm. A total of six coils were used to fill the aneurysm, starting with a 7 x 25 mm GDC-10 regular 2-D and finishing with three soft coils. Post-coiling angiography revealed complete obliteration of the aneurysm with normal filling of both P1 arteries and no evidence of distal emboli (figure 3).
P.I. Porter
She remained neurologically well until day 8 post-SAH, at which time she developed sudden confusion and MRC grade 3/5 weakness of the left upper extremity. A provisional diagnosis of vasospasm was made and triple H therapy was instituted. An urgent CT was negative for hydrocephalus, new hemorrhage or an established infarct. She underwent immediate repeat cerebral angiography which confirmed persistent obliteration of the aneurysm, but diffuse vasospasm in all vascular territories, particularly severe in the M1 and proximal M2 segments on the right.
Thus angioplasty of the right anterior circulation was performed using a 0.1 cc balloon system under neurolept anesthesia, resulting in successful dilatation of the supraclinoid ICA and M1 segments (figure 4). Because of the diffuse vasospasm, she was maintained for several days on triple H therapy. Her neurological deficits improved immediately following angioplasty, and by the time of discharge one week later she was neurologic ally normal. She returned to work two months later. Follow-up angiography at six months confirmed persistent occlusion of the basilar aneurysm and no change in the small ectasia.
Her identical sister, Twin B, accompanied her to the first clinic visit to discuss screening. Her medical history was negative for SAH. Twin B agreed to the recommended screening, which was performed using catheter angiography shortly thereafter.
This demonstrated a 4mm aneurysm of the basilar termination with a wide neck, and a 2 mm aneurysm at the origin of the right posterior communicating artery (figure 5). The resemblance of her basilar aneurysm to that of her sister is striking ( figure 6 ). This was discussed among the neurosurgeons and interventional radiologists. Due to the wide neck of the basilar aneurysm and the presence of a second small aneurysm that was not amenable to endovascular therapy but could be treated via the same operative approach as the basilar aneurysm, the patient was advised to have surgical treatment. She underwent a right orbitozygomatic craniotomy and clipping of both aneurysms (figure 7).
Complete elimination was confirmed with early post-operative angiography (figure 8). Like her sister, she also returned to work two months after treatment. 
Discussion
This report describes our management of identical twins with intracranial aneurysms. Although the basilar aneurysms were very similar, differences in the twins' presentation (SAH versus incidental) and anatomy led to distinct treatment decisions. One may debate the relative merits of surgical versus endovascular therapy of the small, ruptured basilar aneurysm in Twin A. The aneurysm points posteriorly, which contributes to the difficulty of an operative approach. The patient was referred from an experienced neurosurgeon who thought that endovascular therapy was preferable. We agreed and this was undertaken success- wide neck of the basilar aneurysm and presence of a second aneurysm which was too small to be favourable for coiling yet accessible via the same craniotomy as the basilar aneurysm led us to favour clipping over endovascular therapy.
The fact that this patient was not presenting following acute SAH was also a favourable factor for surgical treatment, since the procedure is technically easier in this setting. Certainly one could argue that the basilar aneurysm is the higher risk lesion of the two and it would have been reasonable to treat only that aneurysm (because of the larger size and more importantly SAH from that location in her sister).
It may have been possible to successfully treat the basilar aneurysm in Twin B by endovascular means using a complex (e.g. 3-dimensional) coil shape, perhaps with balloon remodelling via either the vertebrobasilar system or the posterior communicating artery. In the absence of a positive family history (that is, another first degree relative with a documented aneurysm) we typically do not recommend screening of family members due to the lack of proven benefit 17. One must remember that there are many steps along the way from initial screening to realizing benefit from screening. The subset of patients who benefit are those who have the condition for which screening was done, would have suffered morbidity or mortality if left untreated, and have treatment with acceptable risks such that it improves upon the natural history. Thus, for aneurysm screening one must consider the incidence of aneurysms in the population being screened, the likelihood of the aneurysm becoming symptomatic without treatment, and the complications of therapy. For identical twins, one of whom has suffered a SAH, we have anecdotal yet compelling evidence in favour of the first two steps of this pathway. In the ten cases to date (which includes the case reported here) seven sets of twins have both suffered from subarachnoid hemorrhage, all within two to ten years of each other. In the remaining three cases the aneurysm was found in the second twin due to headache alone, seizures, and screening in an asymptomatic patient (our case). There is only one report in the literature of a twin who was screened and found not to have an aneurysm after the patient's identical twin had suffered a SAH 18. Publication of such a case is very important, since it helps to reduce the "negative result publication bias" (the tendency for reports that do not show the expected outcome to not be published).
That report serves to remind us that in a case like the one presented here we are seeing the "numerator" (positive cases published) but we have no idea of the denominator (identical twins overall, or those with one subarachnoid and either negative screening of the twin or no screening at all). As such, we can make no definitive comment from the data presented here about either the risk of any set of twins having an aneurysm, or the risk to the second twin in the cases where one twin is proven to have one or more aneurysms ( figure  9 ). Despite the absence of firm estimates we felt compelled to offer screening to Twin B. Having discovered an aneurysm in the same location as that which caused bleeding in her sister, we believed that the chance of her suffering a hemorrhage within the next decade, even though the aneurysm was small, outweighed the risks of treatment.
The demographics of these patients differ from that of sporadic SAH cases. In the seventeen twin patients with SAH the hemorrhage occurred in the third to fifth decades in all cases, with a median age of 41. Eight of the ten pairs of twins were female. Eleven of the twenty patients had more than one aneurysm. Five pairs of twins had aneurysms in the identical anatomic location as each other and three in the same location on opposite sides (mirror). Many of these trends have been previously reported in series of familial aneurysms 2,3. Twin cases may be considered a unique subset of familial aneurysms, but in fact, given that the two twins have an identical genotype, one could consider it as two "copies" of the same aneurysm. The finding of aneurysms in identical locations is not surprising. Certainly it is ................. Figure 9 Numerator and Denominator uncertainty for Identical twins. Each pair of dots represents a set of identical twins. The number of sets in each category is not meant to be representative, but rather to show that at each subsequent step there is a reduction in the "numerator". Given the nature of the information in the literature pertaining to aneurysms in twins, one cannot be sure of the denominator ("all twins"), and thus precise estimates of the risk of a twin having an aneurysm, presenting with SAH, and the second twin subsequently having an aneurysm and presenting with SAH, are not known.
more than simple hemodynamics which underlie this finding. Then how may one explain differences observed in "identical" twins? It is likely that when different phenotypes are seen (e.g. cases in which the aneurysms are not in an identical location, or in which one twin has an additional aneurysm(s) not seen in the other) they reflect different environmental influences or "triggers" on the same genetic material. This concept of segmental identity and vulnerability, which may lead to different disease manifestations due to variable exposure to trigger factors over time, has been well elucidated by Lasjaunias recently 19. This theory helps to explain why two individuals with an identical genome, and nearly identical basilar aneurysms, could still have the significant differences seen in the rest of their cerebral vasculature (such as the presence of aneurysms in other locations).
Conclusions
If a patient with an identical twin is found to harbour an intracranial aneurysm, screening of the twin, even if asymptomatic, is likely to be worthwhile. Reporting of cases that have been screened and found to be negative should be encouraged to promote our understanding of the risks for these patients. If one twin has presented with SAH, treatment of the second twin should be strongly considered if an aneurysm is identified.
